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INTRODUCTION
Currently, there is growing interest in the interaction between the endocrine and the immune systems, especially in the ovary. Cytokines are proteinaceous mediators of the immune system and important intercellular regulators in a wide range of physiological and pathophysiological events (1) . Moreover, recent studies have demonstrated an active role for cytokines in the process leading to ovulation, as well as in fertilization and early embryonic cleavage (2, 3) . These substances are produced locally in the ovaries and exert their action on various cell types (4) . In addition, cytokine production and function appear to be modulated by gonadal steroids and pituitary hormones (2, 4) i
On the other hand, it has been suggested that cyclooxygenase products of arachidonic acid, e.g., prostaglandins (PGs) of the E and F series, may have a physiological role in follicular rupture (5) . Furthermore, their production seems to be regulated by some cytokines, i.e., interleukin (IL)-I and tumor necrosis factor-tx (TNF-e0, because they can stimulate monocytes to produce PGs (6, 7) .
Nevertheless, limited data are available regarding the involvement of the arachidonic acid products derived from the lipoxygenase pathway, e.g., leukotriene (LT) B4, in ovarian physiology and the ovulatory process (5, 8) . This led us to measure IL-let, IL-2, TNF-ct, and LT B 4 levels in human periovulatory follicular fluids (FFs) to study their relationship with oocyte maturity and fertilization, as well as with the achievement of pregnancy after in vitro fertilization (IVF).
MATERIALS AND METHODS
For this study, 69 blood-free FF samples were obtained from 22 women undergoing IVF due to tubalfactor and idiopathic infertility. Eight of 22 women became pregnant after the treatment, whereas 14 did not. Patient age ranged between 26 and 41 years (mean, 32.1 ___ 4.0 years). All women who had participated in this study were in good general health, and no couples with male infertility were included. All semen samples were examined thoroughly according to World Health Organization criteria and were within the normal range, to eliminate the influence of sperm or nonovarian factors on the IVF outcome. The 69 FF samples were divided into groups according to the parameters studied.
In all women, buserelin (Suprefact; Hoechst, Frankfurt am Main, Germany) was given intranasally at a dose of 1 mg/day, starting on day 1 of the cycle. Ovarian stimulation was initiated after complete pituitary desensitization [estradiol (E2)<40 pg/ml], with daily administration of 150 IU of human menopausal gonadotropin (hMG) [Humegon (Organon, Oss, The Netherlands) or Pergonai (Serono, Aubonne, Switzerland)]. Follicular development was assessed in all patients by dally morning serum E2 determinations (Leeco Diagnostics, Detroit, MI) and ovarian ultrasonography (Kretz, Combison 320; Kretztechnik, Austria). The criteria for human chorionic gonadotropin (hCG) [Pregnyl (Organon) or Profasi (Serono)] administration, oocyte retrieval and maturity evaluation, sperm preparation, oocyte insemination, and embryo transfer have been described elsewhere (9) (10) (11) .
A total of 113 FF samples was obtained by transvaginal aspiration and immediately centrifuged at 1000g for 10 min to remove all cells. FF samples were not diluted with culture medium. The supernatants were frozen at -30 ° until assay. Forty-four FF samples that contained blood, that did not contain an oocyte, or that contained more than a single oocyte were excluded from the study. Those 44 FF samples came from both pregnant and nonpregnant women.
Measurements of IL-la, IL-2, TNF-ct, and LT B4 were performed using an enzyme-linked immunosorbent assay (ELISA) technique. ELISA kits from RD Systems (Minneapolis, MN) were used for cytokine determinations, whereas ELISA kits from Advanced Magnetics Inc. (MA) were used for LT B4 measurements. The sensitivity of the method was 0.3 pg/ml for IL-la, 6 pg/ml for IL-2, and 1.5 pg/ml for TNFcx, with intraassay variations of 7.1, 6, and 8.3%, respectivelY, and interassay variations of 8.3, 8.2, and 9.3%, respectively.
For LT B4, the sensitivity of the method was 8.7 pg/ml and there was very little cross-reactivity (e.g., less than 1% for PGs). The intra-and interassay variations for LT B4 were 6.4 and 7.3%, respectively.
Follicular fluid levels of IL-la, IL-2, and TNF-a were correlated with LT B4 levels and all of them with oocyte maturity and fertilization, types of embryos, and implantation after embryo transfer.
Statistics
Data are presented as mean __. standard deviation. Student's t test and linear regression analysis were used for statistical analysis of the results as appropriate. A P value of < 0.05 was considered statistically significant.
RESULTS
We were able to detect IL-la, IL-2, TNF-a and LT B 4 in all FFs obtained after ovarian stimulation, at concentrations that ranged from 26.5 to 74.7, 7.1 to 82.3, 20.0 to 87.4, and 1224 to 3843 pg/ml, respectively.
The immunoreactive levels of IL-la, IL-2, TNF-a and LT B4 detected in FFs that were grouped according to oocyte maturity, fertilization, embryo quality, and achievement of pregnancy are shown in Tables I, II, III, and IV, respectively. No significant differences in FF levels of the studied cytokines and LT B4 were found between these groups (P = NS). On the other hand, there were considerable variations in IL-1 a (Fig.  1) , IL-2, TNF-c~ and LT B4 (Fig. 2) concentrations in FFs obtained from the same patient, suggesting intraovarian asynchrony between the developing follicles. A significant positive correlation was found between IL-let and TNF-eL levels in FFs containing mature oocytes (r = 0.57, P < 0.001), fertilized oocytes (r = 0.59, P < 0.001) (Fig. 3) , and good-quality embryos (r = 0.58, P < 0.005), as well as in FFs from both pregnant (r = 0.40, P < 0.05) and nonpregnant (r = 0.43, P < 0.005) women. On the other hand, linear regression analysis between IL-ls and TNF-a FF levels showed no significant correlation in FF with immature oocytes (r = 0.25, P = 0.13), unfertilized oocytes (r = 0.05, P = 0.75), or poor-quality embryos (r = 0.47, P = 0.28). Concerning IL-2, no significant correlation could be demonstrated between this cytokine and IL-la, TNF-~x, or LT B4, in any group of FF studied.
A significant positive correlation was also found between IL-la and LT B4 levels in FFs from subsequently fertilized oocytes (r = 0.63, P < 0.001) (Fig.  4) and from good-scoring embryos (r = 0.64, P < 0.002), whereas no correlation was observed in FFs from mature (r = 0.29, P = 0.11) or immature (r = 0.24, P = 0.15) oocytes, from unfertilized oocytes (r = 0.08, P = 0.95), or from women who achieved (r = 0.27, P = 0.17) or did not achieve (r = 0.29, P = 0.06) a pregnancy. In addition, TNF-ot and LT B 4 levels correlated significantly in FFs from fertilized oocytes (r = 0.37, P < 0.05) but not in FFs from mature (r = 0.27, P = 0.14) or immature (r = 0.23, P = 0.16) oocytes, from unfertilized oocytes (r = 0.17, P = 0.3), from good-quality (r = 0.37, P = 0.09) as well as bad-quality (r = 0.64, P = 0.11) embryos, or from pregnant (r = 0.36, P = 0.06) or nonpregnant (r = 0.26, P = 0.09) women.
DISCUSSION
Our data confirm the presence of the cytokines ILIa, IL-2, and TNF-a, as well as of LT B4, which is a product of arachidonic acid via the lipoxygenase metabolic pathway, in human preovulatory FFs following ovarian stimulation with GnRHa/hMG. Our results are in agreement with those of previous studies that also identified the existence of IL-lcx, IL-2, and TNFin human FF (7, 12) . Some differences observed in the follicular concentrations may be due to the different stimulation protocols used by various centers or to the different assays used for measurements of the immunoreactive cytokines. Cytokines are products of the immune cells, especially of monocytes, as well as of other types of cells, e.g., mesenchymal cells (3) . Granulosa cells of the ovary have been shown to be a source for TNF-ot and possibly for IL-I as well as a target for these cytokines (4) . During the past years, there has been growing evidence indicating that cytokines, particularly IL-I, IL-2, and TNF, are involved in the ovulatory process. The action of IL-1 and TNF-c~ is associated with several events including increased membrane fluidity and permeability (4) and prostaglandin production (13, 14) . Furthermore, they may play a role in cellular proliferation within the follicle (15), because IL-1 and TNF-c~ were shown to increase during the follicular phase, reaching their maximal levels around ovulation (16) .
On the other hand, the data concerning the role of eicosanoids and, particularly, of leukotrienes in human ovarian physiology are much more limited. Earlier studies have identified lipoxygenase activity (6) and measurable leukotriene levels within the preovulatory dominant follicle, in unstimulated women undergoing sterilization (17) , suggesting the possible involvement of lipoxygenase products of arachidonic acid in the mechanism of ovulation. In the present study, we have demonstrated that in preovulatory FFs obtained from stimulated women undergoing IVF, there are significant concentrations of LT B4, a leukotriene which has a degranulating effect and increases vascular permeability in vivo (18) . The high levels of LT B4 that we found in FFs may be due to the administration of hCG to all patients during ovarian stimulation, because in earlier studies, it has been demonstrated that lipoxygenase activity in proestrous rat ovaries and preovulatory follicles is enhanced both by endogenous LH and by exogenous hCG (5).
The origin of LT B4 in FF is not fully elucidated. It has been shown that human granulosa cells release LT B4 in vitro, an action that is induced by LT B4 itself (19) . Other potential cellular sources of LT B4 in FF include cells of the myeloid lineage, e.g., polymorphonuclear leukocytes or monocytes/macrophages, which have been also identified in human FF (20) . Thus, LT B0 may be produced locally and/or transferred from the serum into the follicle.
No significant differences in FF levels of the studied cytokines and LT B4 were identified according to oocyte maturity, fertilization, embryo quality, and achievement of pregnancy, which is in accordance with previous studies (21, 22) that reported similar results concerning IL-1 and TNF FF levels. Moreover, there were some variations of IL-let, IL-2, TNF-ot, and LT B4 in different FFs from the same patient, possibly reflecting the intraovarian asynchrony observed during ovarian stimulation for IVF (23) . Hence, the follicular levels of these substances cannot be used as markers of IVF outcome. A significant positive correlation was found between FF IL-1 o~ and TNF-ot. This observation, together with the known property of IL-1 to stimulate macrophages to produce both IL-1 and TNF (24) , may suggest that FF IL-1 ct supports the production of and increase in TNF-~x before ovulation, contributing to the rupture of the follicular wall. Conversely, no correlation was found between FF IL-2 and the other substances studied. It seems, therefore, that follicular ILIa, TNF-cx, and LT B4 have no involvement in IL-2 production, which is secreted by different cell types (activated T lymphocytes), but it may act synergistically with them in the process of ovulation.
The Significant positive correlation between FF ILIa and LT B4 as well as between TNF-ct and LT B4 observed in our study may indicate that the production of LT B4 is partially induced by those cytokines. On the other hand, leukotrienes were reported to exert a stimulatory effect on IL-1 synthesis (25) . Therefore, the interaction among IL-lct, TNF-ot and LT B4 seems to be complex and the regulatory roles of cytokines in their own secretion, as well as their involvement in the regulation of LT B4, support the existence of a cytokine-leukotriene network. Taking into account the degranulating effect of LT B4 (I 7), it seems reasonable to assume that IL-lct, TNF-ct and LT B 4 may play a crucial role in the follicle degradation and rupture proces in humans.
It is noteworthy that all the above correlations were observed in FF with subsequently fertilized oocytes. However, we were not be able to demonstrate the aforementioned correlations in FF from mature oocytes (although there was a tendency), possibly due to the difficulty in assessing oocyte maturity accurately (23) . Hence, the presence of a positive correlation among FF IL-lot, TNF-a, and LT B4 may suggest more optimal follicular and oocyte development in those women.
In conclusion, IL-let, TNF-ct and LT B4 may act as parts of a concordant network within the follicular microenvironment, with possible action in the process of follicular maturation and follicle wall degradation. On the other hand, much remains to be learned about the participation of cytokines and leukotrienes in these mechanisms, and further research should elucidate the degree to which these substances contribute to this process.
